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ABSTRACT 



Objective: This study evaluated the effect of three metal conditioners on the shear 
bond strength (SBS) of a prosthetic composite material to cpTi grade I having three 
surface treatments. Material and Methods: One hundred sixty eight rivet-shaped specimens 
(8.0x2.0 mm) were cast and subjected to polishing (P) or sandblasting with either 50 |im 
(50SB) or 250 |im (250SB) Al 2 0 3 . The metal conditioners Metal Photo Primer (MPP), Cesead 
II Opaque Primer (OP), Targis Link (TL), and one surface modification system Siloc (S), 
were applied to the specimen surfaces, which were covered with four 1-mm thick layers of 
resin composite. The resin layers were exposed to curing light for 90 s separately. Seven 
specimens from each experimental group were stored in water at 37°C for 24 h while the 
other 7 specimens were subjected to 5,000 thermal cycles consisting of water baths at 
4°C and 60°C (n=7). All specimens were subjected to SBS test (0.5 mm/min) until failure 
occurred, and further 28 specimens were analyzed using scanning electron microscope 
(SEM) and X-ray energy-dispersive spectroscopy (EDS). Data were analyzed by 3-way 
ANOVA followed by post-hoc Tu key's test (a=0.05). Results: On 50SB surfaces, OP groups 
showed higher SBS means than MPP (P<0.05), while no significant difference was found 
among OP, S, and TL groups. On 250SB surfaces, OP and TL groups exhibited higher SBS 
than MPP and S (P<0.05). No significant difference in SBS was found between OP and TL 
groups nor between MPP and S groups. The use of conditioners on 250SB surfaces resulted 
in higher SBS means than the use of the same products on 50SB surfaces (P<0.05). 
Conclusion: Sandblasting associated with the use of metal conditioners improves SBS of 
resin composites to cpTi. 
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INTRODUCTION 

The use of titanium for dental implants and metal 
ceramic restorations, such as cast restorations or 
partial dentures, has increased over the last years 
because of their biocompatibility and optimum 
mechanical properties 6 - 9 ' 23 ' 29 . However, low bond 
strengths between titanium and composite veneering 
systems have been reported 3 ' 11 ' 20 ' 21 ' 29 ' 32 . To overcome 
this limitation, several methods have been proposed 
to maximize the bonding of resin composite to 



titanium. Such methods are based on macro- and 
micromechanical retention, chemical bonding, or a 
combination of both mechanisms 6 ' 9 . 

The first bonding technique was the Silicoater 
system, introduced in 1984 as a "system of molecular 
bond" between resins and metal alloy surfaces 34 . 
In that system, the bonding mechanism consists of 
a heat fusion of a microscopic layer of silica to the 
metal by the so-called silica coating method, and 
the composite is bonded to the metal surface with a 
silane coupling agent in a process known as pyrolytic 
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silanization 5 ' 34 ' 35 . 

New bonding systems that combine adhesive 
resins with chemically active monomers capable 
of bonding directly to sandblasted alloy surfaces 
have also been developed 15 ' 16 ' 17 . When these new 
adhesive systems are used along with conditioning 
methods, only sandblasting of the metal surface 
is required for these bonding agents to provide 
reliable bond strength between the resin composite 
and metal surface 14 . The bonding agents lead to 
some mechanism of chemical bonding with different 
alloys, so the micromechanical retention created by 
sandblasting increases considerably 28 . Phosphoric 
acid and carboxylic acid functional monomers used 
in most adhesive opaque resins and promoters are 
effective to bond resin composites to base metal 
alloys. For this reason, with the use of an appropriate 
adhesive metal primer, no surface preparations such 
as boxes, grooves, or retentive pearls are required 
on the metal frameworks prior to the application of 
light-cured veneering resins 38 . 

Now, several adhesive primers containing different 
functional monomers to bond resin to base metals 
are commercially available 2 . However, the effects of 
these products on the bond strength of metals to 
resin have not yet been evaluated. Such an issue 
deserves more concern when the bonding between 
resin composite and titanium surface with metal 
primers are subjected to all the stresses created in 
vivo. In this regard, the combination between water 
storage and thermal cycling reproduces the in vivo 
conditions more accurately 7 ' 8 ' 12 ' 22 , providing evidence 
of the long-term effectiveness of metal primers 
on bond strength of resin composites to titanium 
surfaces. 

Therefore, the purpose of this study was to evaluate 
whether surface pre-treatment of commercially pure 
titanium grade I (cpTi) with sandblasting associated 
with three metal conditioners or with one surface 



modification system would improve the bond strength 
of a light-activated resin composite to the base metal 
after thermocycling. The tested hypotheses were: 
(1) metal primers provide similar increase in shear 
bond strength (SBS); (2) and SBS values between 
resin and metal surfaces treated with metal primers 
are not impaired by thermal cycling. 

MATERIAL AND METHODS 

The materials used in this study are given in 
Figure 1. A total of 196 rivet-shaped specimens (8.0 
x 2.0 mm) were cast with cpTi (Tritan®, Dentaurum 
J. P. Winkelstroeter KG, Pforzheim, Germany) using 
electric plasma arc in an inert gas-conditioned casting 
machine (EDG Equipments, Sao Carlos, SP, Brazil) 1 
according to the manufacturer's instructions. After 
casting, the disk surfaces were gradually polished 
with up to 600-grit silicon-carbide papers under 
constant cooling water. The metal specimens were 
then washed with isopropyl alcohol for 10 min with 
ultrasonic agitation. 

Experimental design 

The study design is illustrated in Figure 2. The 
specimens were assigned to 3 groups, and were 
submitted to 3 surface treatments: (1) polishing 
control with 600-grit silicon-carbide paper (P), (2) 
Sandblasting with either 50 urn Al 2 0 3 (50SB) or (3) 
250 urn Al 2 0 3 (250SB). Sandblasting was performed 
perpendicularly to the metal surface at a distance of 
5 mm and at 0.5 MPa for 15 s (Basic Classic; Renfert 
GmbH, Hilzingen, Germany) 37 ' 39 . 

After surface preparation was completed, 
each group (56 specimens) was divided into four 
subgroups, according to the metal conditioners and 
metal surface modification system applied to the disk 
surfaces. In addition, 14 specimens from the 50SB 
group and 14 specimens from the 250SB group were 



Material 


Identification 


Abbreviation 


Manufacturer 


Component 


Metal 


Tritan 


cp Ti grade 1 


Dentaurum, Germany 


Ti 3 99.5%, others 0.5% 


Metal conditioners 


Metal Photo Primer 


MPP 


Shofu, Kyoto, Japan 


4-acryloyloxyethyl 
trimellitate 


Targis link 


TL 


Ivoclar, Liechtenstein 


1 0-methacryloyloxydecyl 
dihydrogen phosphate 


Cesead II Opaque 
Primer 


OP 


Kuraray, Osaka, Japan 


1 0-methacryloyloxydecyl 
dihydrogen phosphate 


Metal surface 
modification system 


Siloc Bonding System 


S 


Heraeus Kulzer, 
Wehrheim, Germany 


Methacryloxypropl 
trimethoxysilane 


Opaque resin 


C & B Opaque 


O 


Heraeus Kulzer, 
Wehrheim, Germany 


Opaque OA3 


Composite veneering 
material 


Artglass 


A 


Heraeus Kulzer, 
Wehrheim, Germany 


Dentin A3 



Figure 1- Materials used in this study 
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left untreated to receive only opaque and dentin 
resins (control groups - OD). 

The following metal conditioners were applied 
to the metal surfaces: MPP (Metal Photo Primer, 
Shofu Inc., Kyoto, Japan), OP (Cesead II Opaque 
Primer, Kuraray Co. Ltd., Osaka, Japan), S (Siloc 
Bonding System, Heraeus-Kulzer GmbH, Wehrheim, 
Germany) - a metal surface modification system, 
and TL (Targis link, Ivoclar Vivadent, Schaan, 
Liechtenstein) (Figure 3). When the metal conditioner 
was presented as a single bottle product, the product 
was brushed directly on the alloy surface, according 
to the manufacturers' instructions. For the Siloc 
Bonding System, one coat of primer (Siloc Pre, 
Heraeus-Kulzer GmbH, Wehrheim, Germany) was 
applied to the specimen surfaces with a single brush 
application. The primed specimens were allowed 
to dry for 2 min and were placed in an activation 
chamber (Silicoater MD, Heraeus-Kulzer, Wehrheim, 
Germany), as recommended by the manufacturer. At 
the end of the cycle, the specimens were removed 
from the oven and were left at room temperature 
for 4 min. 

Afterward, one coat of the bonding agent (Siloc 
Bond, Heraeus-Kulzer, Wehrheim, Germany) was 
applied with a single brush and was allowed to dry 
for 5 min. Two 1-mm thick layers of an opaque 
resin (0) were applied to the metal surfaces 
and each layer was exposed to light for 90 s in 
a laboratory light-curing unit (Dentacolor XS, 
Heraeus-Kulzer, Wehrheim, Germany), according to 
the manufacturers' recommendation. A cylindrical 
stainless steel split mold having an internal hole 
having 8 mm of diameter and being 2-mm thick was 
positioned on the specimen and two 1-mm-thick 
layers of dentin composite (A) were inserted into the 
mold. The mold was removed and each layer was then 
exposed to light for 90 s using the same light-curing 
unit, resulting in a total light exposure of 180 s. 

Seven specimens from each experimental group 
(n=7) were stored in distilled water at 37°C for 24 
h (TO), while the other 7 specimens were stored in 
distilled water at 37°C for 24 h followed by 5,000 
thermal cycles (Tl), which consisted of water baths 
at 4°C and 60°C with a dwell time of 15 s in each 



bath (MSCT-3 Plus; Marcelo Nucci - ME; Sao Carlos, 
SP, Brazil). All specimens were then subjected to an 
SBS test using a machine of mechanical test MTS 
810 (Material Test System Corporation, Minneapolis, 
MN, USA) at a crosshead speed of 0.5 mm/min until 
failure occurred 21 - 30 . The SBS values were obtained in 
Kgf and converted into megapascals (MPa). 

Fractured surfaces were evaluated with an 
optical stereomicroscope (Carl Zeiss Jena GmbH, 
Jena, Germany) at 40x magnification to determine 
the failure pattern, which was classified as follows: 
cohesive, when the fracture was located within 
the resin composite; adhesive, when the fracture 
was located between the resin composite and 
metal surface; or mixed, when the fracture was 
located within the resin composite and between the 
resin composite and metal surface. In addition, a 
representative specimen surface of each experimental 
group was evaluated with a scanning electron 
microscope (SEM) operating at 20 kV (JSM-T33AO, 
JEOL Ltd., Tokyo, Japan), before and after particle 
abrasion. All representative specimen surfaces 
were also examined by X-ray energy-dispersive 
spectroscopy - EDS (JSM-T33AO, JEOL Ltd., Tokyo, 
Japan) at 20 kV and live time of 100 s. 

Levene and Shapiro-Wilk tests (Statistica 6.0, 
Statsoft Inc., Tulsa, OK, USA) were applied to 
evaluate the homogeneity and normality among 
SBS means (P>0.05) respectively. The SBS means 
were submitted to 3-way ANOVA (surface treatment, 
conditioner, and thermocycling) at a 95% confidence 
level. One-way ANOVA (Statistica 6.0, Statsoft 
Inc., Tulsa, OK, USA) was performed to compare 
the differences in SBS means of groups having 
different conditioners only within the group with 
polished surfaces (P). Differences among means 
were determined by post-hoc Tukey's test at a pre- 
set alpha of 5%. The OD group was not included 
in the statistical tests because this group was only 
added to the study to provide the SBS values when 
no conditioners are used. 
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Figure 2- Flowchart of the experimental design 
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Figure 3- Failure patterns of all experimental groups at TO (A) and T1 (B) 



Table 1- Shear bond strength (MPa) mean values 
(±standard deviations) of resin composite to sandblasted 
cpTi surfaces with metal primers. Means followed by the 
same capital letters in a column and lower case on the 
lines do not differ significantly by the Tukey test (a=0.05) 



Metal primers 


Sandblasting 




50SB 


250SB 


MPP 


6.7(0.9) Bb 


9.8(1 .4) Ba 


OP 


9.3(2. 1) Ab 


13.2(2.0) Aa 


S 


8.5(1 .2) ABa 


10.2(0.9) Ba 


TL 


8.4(1 .2) ABb 


12.4(2.0) Aa 



RESULTS 



Forty-two thermocycled specimens without any 
treatment agent showed premature adhesive failures 
prior to the mechanical testing and were excluded from 
the study. The 3-way ANOVA detected a significant 
interaction between "treatment" and "conditioner" 
factors as well as between "thermocycling" and 
"conditioner" (P<0.05). Within the 50SB group, the 
SBS values of OP (9.3 MPa) were only higher than 
those of MPP (6.7 MPa) (P<0.05), while no significant 
difference was noted between OP, S, and TL (Table 
1). Within the 250SB group, OP (13.2 MPa) and TL 
(12.4 MPa) showed significantly higher SBS means 
than MPP (9.8 MPa) and S (10.2 MPa) (P<0.05), 
while no significant difference was noted neither 
between OP and TL nor between MPP and S (Table 
1). Overall, the SBS means of most 250SB groups 
with surface conditioners were higher than those of 
50SB (P<0.05). The only exception was observed 
when S was used, as no significant difference in SBS 
was noted between 50SB and 250SB groups (from 
6.6 MPa to 9.7 MPa, P>0.05). 

No significant difference in SBS means was 
observed between TO and Tl (P>0.05). At TO, no 
significant difference in the SBS values was observed 
between TL (10.6 MPa) and OP (10.4 MPa), or 
between MPP (8.4 MPa) and S (9.6 MPa) (P>0.05) 



Table 2- Shear bond strength (MPa) mean values 
(±standard deviations) of resin composite to sandblasted 
cpTi surfaces with metal primers after 24 h of water 
storage (TO) or after thermocycling (T1). Means followed 
by the same capital letters in a column and lower case 
on the lines do not differ significantly by the Tukey test 
(cfO.05) 



Metal primers 


Storage condition 




TO 


T1 


MPP 


8.4(1 .3) Ba 


8.1(1.0) Ba 


OP 


10.4(2.2) Aa 


12.1(1. 9) Aa 


S 


9.6(1 .2) Ba 


9.1(0.9) Ba 


TL 


1 0.6(1. 9) Aa 


1 0.2(1 .4) Ba 



(Table 2). The SBS means of OP and TL were higher 
than those of MPP (P<0.05). At Tl, OP (12.1 MPa) 
showed higher SBS values than MPP (8.1 MPa), S (9.1 
MPa), and TL (10.2 MPa) (P<0.05) (Table 2). One-way 
ANOVA (Table 2) indicated no significant differences 
in SBS among groups with conditioners (P>0.05). 

At TO and Tl (Figure 3), debonded surfaces 
from most groups showed 100% adhesive failures 
located between the metal surface and opaque 
resin. At TO, only the OP/S250 group exhibited 
100% of mixed failures, while OP/50SB (14%), 
S/250SB (28%), and TL/250SB (28%) showed 
small amounts of mixed failures. A similar pattern 
was observed atTl, but a small increase in mixed 
failures (14%) was observed in MPP/250SB and 
TL/50SB groups in comparison to the failure 
patterns at TO. In contrast to the failure pattern of 
the S/250SB group at TO, the S/250SB group at 
Tl showed a 100% adhesive failure pattern. The 
effect of sandblasting on the surface morphology 
and composition of specimens from groups P, 50SB, 
and 250SB can be seen on SEM micrographs and 
EDS spectra (Figures 4, 5, and 6). It is possible to 
note the effects of varying sizes of aluminum oxide 
on surface morphology (Figures 5A and 6A), since 
pressure, time of sandblasting, and distance from the metal 
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Figure 6- Scanning electron microscopy analysis for cpTi after sandblasting with 250 Al 2 0 3 



surface were the same in all groups. EDS analysis detected 
the presence of aluminum and oxide on the sandblasted 
cpTi surfaces (Figures 5B and 6B). 

DISCUSSION 

The present study evaluated the SBS of a resin 
composite to cpTi after sandblasting with varying 
sizes of Al 2 0 3 particles associated with three metal 
conditioners or with one surface modification. 
Overall, the association of metal conditioners and 
sandblasting increased the SBS in comparison 
to the values obtained on polished surfaces. The 
effectiveness of the conditioners on SBS to cpTi 
airborne-particle-abraded surfaces (50SB and 
250SB) and either under the influence of 24 h water 
storage or thermal stress (TO and Tl) was more 



evident when monomers having phosphoric acid (OP 
and TL) in their composition were used in comparison 
with those having the carboxylic derivative (MPP). 
These results are in agreement with those from 
previous studies 36 - 37 that attributed this greater 
effectiveness to the presence of a hydrophobic group 
in their compositions. According to Taira, et al. 30 ' 31 
(1995,1998) the pure Ti surface is covered with a 
layer of titanium oxides that guarantees the resin/ 
metal bond by its reaction with the monomers derived 
from carboxylic and phosphoric acids. Ban 3 (2003) 
reported that carboxylic acid (4-AETand 4-META) and 
phosphoric (MDP) derivatives interact with the oxide 
film on the surface of basic metals, including titanium, 
via hydrogen bridges, and with the hydroxyl ions (OH" 
) present on the metal surface. Therefore, the first 
hypothesis, stating that the metal primers provide 
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similar increase in SBS, was not validated in the 
current study. We observed a 1.5 times increase in 
the resin/Ti bond strength values in comparison with 
the values observed on a noble alloy. Such increase 
could be related to the great ability for titanium to 
oxidate. The micromechanical retention appears to 
contribute much more than chemical bonding does. 

The bond between polymers and metal is 
not completely justified by these two bonding 
mechanisms. This conclusion is in agreement with 
our results, when we compared the polishing group 
with the 50SB/OD and 250SB/OD groups. The 
effectiveness of OP and TL may be also attributed 
to chemical affinity of the phosphoric acid group for 
the aluminum oxide particles trapped on the metal 
surface due to sandblasting 14 ' 25 . 

Based on the EDS analysis, oxygen and aluminum 
were only detected on the sandblasted metal 
surfaces, demonstrating the presence of remaining 
Al 2 0 3 particles, as also observed by Ohkubo, et al. 23 
(2000). However, the influence of aluminum on 
the bonding mechanism is not well known 19 . Cobb, 
et al. 6 (2000) described changes in the surface 
morphology of gold alloys due to the differences 
in particle sizes and the range in pressure during 
sandblasting. They also found an increase in the 
amount of aluminum on the metal surface and the 
possible chemical affinity of aluminum for functional 
monomers and phosphoric derivatives. In addition to 
the micromechanical retention, Kern and Thompson 14 
(1994) reported that the remaining aluminum 
particles on the metal surface play an important 
role in the bonding mechanism created by bonding 
systems with functional monomers. 

According to the EDS analysis, it was not possible 
to observe the presence of remaining compounds 
from conditioners on the metal surfaces, or even 
the silicon layer of the S group. According to Kern 
and Thompson 13 (1994) the pyrolytically deposited 
silicon results in a layer that is invisible to SEM, while 
Ekstrand, Ruyter and 0ysaed 10 (1988) observed that 
the presence of polymer molecules on the surfaces of 
metals can only be detected by infrared spectroscopy. 
The effects of remaining aluminum particles also 
hels explain the higher amount of mixed failures in 
the 250SB group in comparison to those observed 
in 50SB groups, confirming the greater retention 
demonstrated by that group. 

Thermocycling in a water bath has been used 
frequently to simulate the intraoral aging effect 
on resin composite adhesion. However, these 
simulations vary considerably and any evidence 
of the number of cycles corresponding to those 
experienced in vivo was not yet found 7 ' 18 . In the 
present study, thermocycling had no significant 
effect on conditioners. Therefore, the metal primers 
demonstrated reliable bonding without a reduction 
in bond strength after thermocycling. Thus, the 



second research hypothesis - establishing that SBS 
values between resin and metal surface treated with 
metal primers is not impaired by thermocycling - was 
validated. 

The results of the present study are in agreement 
with those observed by Ozcan and Valandro 26 ' 27 
(2012, 2011) that observed higher bond strength 
of resin composite to titanium with phosphoric 
acid derivatives. According to the authors 27 , the 
effectiveness of the bond strength can also be 
influenced by the opaque resin layer applied after the 
surface treatment and previously the application of 
aesthetic covering material. The effect of opaquers 
can be attributed to differences in their chemical 
composition and form of presentation (powder/liquid 
or paste) that lead to various consistencies 24 . Ozcan 
and Kumbuloglu 24 (2009) concluded that although 
thickness did not affect the bond strength between 
resin composite to titanium, type of opaquers had 
a significant effect in the results with higher bond 
strength for power-liquid form than paste form in 
both thin and thick application. Moreover, the authors 
suggested that the degree of water uptake of the 
opaquers, specifically due the hydrophilic character 
of the dimethacrylates could influence in bond 
strength 24 . Since only one opaque resin was tested in 
the present investigation, further studies are needed 
in order to evaluate more carefully the influence of 
this material on the bonding process. 

The shear bond strength test was used in 
this study because shearing forces are the most 
predominant during chewing 4 . For this reason, 
this test reproduces more closely what happens 
to materials in the mouth. On the other hand, it is 
important to point out that some methods, such as 
finite analysis and mathematical analysis of stress, 
demonstrated that nominal bond strength obtained 
after specimen fracture divided by the cross-sectional 
area may not represent the true stress generated 
at the interface 33 . Such a difference between the 
stress generated during the test and that created 
during chewing may be attributed to other influencing 
factors, such as specimen geometry, load type, 
moment of load application and cynzel position 33 . 

The results of this in vitro study suggest that 
the use of chemical bonding systems combined 
with a mechanical retention improved the bonding 
between a resin composite and commercially pure 
titanium (cpTi). This evidence implies that clinicians 
may consider the use of techniques that combine 
chemical bond and mechanical retention when 
reliable bonding is required between a metal surface 
and resin composite. Thus, clinicians can be more 
confident when using composite veneering systems 
coupled to metals. 
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CONCLUSIONS 

According to the results of the current study, it was 
concluded that an increase in SBS of resin to cpTi may 
be achieved by associating the mechanical retention 
provided by sandblasting with 250 urn aluminum 
oxide particles with the chemical bonding created 
by metal conditioners, mainly by those containing 
functional monomers derived from phosphoric acid 
(Cesead II Opaque Primer and Targis link). 
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